In this paper, brightness temperature (Tb) and normalized difference vegetation index (NDVI) were quantitatively derived from Landsat TM images of Beijing City. Feature profiles of Tb and NDVI were drawn in the directions of NE-SW and NW-SE using the technologies of RS and GIS. Laws of spatial distribution of the relationships between Tb and NDVI were discussed. The following conclusions are drawn. (1) there is a significant negative correlation between Tb and NDVI. (2) The less distance between the other profiles and the central profile is, the stronger the negative correlation between Tb and NDVI is. (3) The relationship between Tb and NDVI is affected by the complexity of underlying surface land use structures. The more complex the land use structure is, the stronger the relationship between Tb and NDVI of feature profile is. The spatial correlations between vegetation and temperature are effectively revealed in this paper and thus certain scientific supports for Beijing's urban and greenland planning in the future could be provided.
Introduction
In the early of 19th century, Howard observed temperature of urban and rural of London [1] , and firstly found the temperature difference between urban and rural. In the following 100 years, scholars found similar phenomenon with observed temperature difference between urban and suburban of various cities [2] . Urban heat island was first proposed by Manley in 1958 [3] . With the accelerated of urbanization process and the effects of global warming, urban heat island effect becomes more and more strongly, and so as its increasing impact on people's production and life. Urban heat island has become a major environmental problem to society [4] . Therefore, how to mitigate urban heat island effect has been the concern of scholars both at home and abroad.
Research on urban heat island with meteorological data is the traditional research method [5] , many scholars study the changes of urban heat island among a day, a year and many years with meteorological data. Liu analyze the changes of urban heat island in Xi'an among years, quarters and months with meteorological data that derived from 7 sites over 18 years from 1985 to 2003 [6] . Some scholars study the relationship between urban heat island and wind [7] , clouds [8] and rain [9] with meteorological data whose results show that there are negative correlation between urban heat island effect and these indicators. The drawback of this method is that meteorological site is limited, only can access to information from meteorological site, lack of understanding of spatial distribution of urban heat island, and it is hard to extended limited information to entire study area.
With development of remote sensing technology, a large number of scholars study urban heat island with land surface temperatures or brightness temperature derived from remote sensing images [10] . Peng study spatial distribution and interannual changes of urban heat island in Beijing with 6 Landsat images cover 1987,1999,2000,2001,2002 and 2005 [11] . Studies show that vegetation through photosynthesis and transpiration can reduce temperature and increase humidity, thus play a role in regulating temperature [12] . So scholars derived temperature and vegetation information from remote sensing images. A large number of scholars studied the relationship between vegetation cover and urban heat island in various districts with remote sensing images, the results show that there is a negative correlation between vegetation cover and temperature [13; 14; 15; 16; 17; 18] . Urban heat island has relationship not only with the distribution of vegetation, but also with other land use types. Yuan use 4 TM/ETM+ images in different seasons from 2000 to 2002 in Minnesota, U.S.A to analyze relationship between land surface temperature and NDVI, and impervious surface coverage, results show that there is a significant linear relationship between land surface temperature and impervious surface coverage in all seasons, the relationship between land surface temperature and NDVI is changing with the changes of seasons [19] . Compared with NDVI, the spatial variation of land surface temperature is largely depended on the spatial distribution of impervious surface coverage. Construction of feature profile method was being introduced to the study of urban heat island, studies found that the correlation between temperature and vegetation on profile is positively correlated to the diversity of underlying surface land use types [20] . The domestic and foreign scholars introduce diversity, aggregation and other landscape metrics to study of urban heat island [21] , from different angles to study urban heat island. Chen firstly proposed the concept of thermal landscape with referencing landscape ecology research methods [22] , to study the spatial pattern of urban thermal environment using landscape opinion. With support of RS and GIS, create evaluation system of thermal landscape pattern that including fractal dimension, shape index, dominance, fragmentation, separation and diversity.
For the study on the relationship between urban heat island and vegetation with remote sensing images, many scholars only select one or a few profiles to analyze the relationship between vegetation and temperature on profile, while the study on the changes of their relationship in study area is lack. This paper study the relationship between brightness temperature and NDVI, also research changes of this relationship in study area with TM image of Beijing on September 8, 2004 . Researchers uniformly select many feature profiles on the direction of NE-SW and NW-SE, and make regression analysis between brightness temperature and NDVI of each profile, then compared changes of determination coefficient and slope of many regression equations to study the change of relationship between brightness temperature and NDVI, and reveal spatial correlation model of this relationship.
Study area
Beijing is located in the northern of North China Plain, the terrain of northwest is higher than that of southeast. Western, northern and north-eastern sides are surrounded by mountains, and south-east side is a plain gently sloping to the Bohai Sea. In Beijing, the altitude of plain ranges from 20 to 60m, mountain area's altitude is between 1000m and 1500m, and the highest point is in Dongling Mountain with a height of 2303m.
The major river systems contain Chaobai River, North Canal River, Yongding River and Juma River. The city area is 16800 km2 with a population of 1700 million. Beijing belongs to the warm temperate semi-humid continental monsoon climate, summer is hot, rainy, and winter is cold, dry. The spring and autumn is short, with an annual mean temperature of 10-12 . Average annual rainfall is 600-700 mm, mainly in Jul and Aug. When it comes to September, precipitation decreased, the temperature began to fall, temperature difference between day and night increases. West, north and northeast land in Beijing is woodland, south-east is farm land, and urban and surrounding areas are construction sites. Fig 1 shows the specific: 
Data and methods
In this paper, Landsat 5 TM image of Beijing on September 8, 2004 was taken as a data source, image track number is 123-32. TM image Includes 7 bands and its resolution is 30m. Researcher used the third band and fourth band of the image to extract NDVI of the study area and using the sixth band of the image to calculate brightness temperature of study area.
Image preprocessing
The basic data used in this paper is Landsat5 data. First, it's band combination of image. Combined seven single band to generating a multi bands image to extract NDVI in the study area. Took geometric correction after the completion of band combination, so that the location of surface feature on image is correspond to its actual location, providing reference location for data analysis.
In geometric correction process, Beijing's vector data of water was taken as reference data, choosing 20 precise control points such as the river crossing points, the control point accuracy is within 0.5 pixel, and conducting geometric correction with method of neighboring element. Made boundary reduction on the corrected image with Beijing boundary data, so that remote sensing images only retain the scope of Beijing. Thus it can ensure that selected pixels is within Beijing in following study.
Data Processing

Extraction of normalized difference vegetation index
Normalized difference vegetation index (NDVI), likes other vegetation index, shows the surface vegetation coverage. It is the most widely used vegetation index. NDVI can be used to detect vegetation condition, vegetation coverage, etc.. The calculation of NDVI is shown in Eq. (1) .
NDVI=(NIR-R)/(NIR+R) (1)
Where NIR presents near-infrared band reflectance, and R presents red band reflectance. As can be seen from Figure 1 , NDVI high values are located on west, north and northeast of study area, these areas are mostly mountainous areas, there have a large number of forest parks, the vegetation coverage is better, and with less human intervention. Low NDVI value regions are mainly located on urban areas, with poor vegetation cover, and land surface covered with city buildings and hardened surface. The region with mediate NDVI value located on areas between urban and rural region and southeastern plains, plains mostly were farmland, with very little forest cover and frequent human intervention. 
Brightness temperature inversion
Among studies on urban heat island effect, many scholars used remote sensing image combined with meteorological data to extracting land surface temperature to study the relationship between urban heat island and NDVI. Although the value of brightness temperature is not equal to the land surface temperature, but there is a strong correlation between them, and the distribution of brightness temperature can well fit land surface temperature's distribution in space. Therefore, in this study we can use the brightness temperature to represent urban heat island effect.
Brightness temperature is extracted with TM sixth band's DN value. Accorded to Qin's study on Extraction of brightness temperature, convert sixth band's DN value into radiation temperature(Lb) [23] , the calculation is as follows. According to Eq. (4), it will convert radiation temperature(Lb) to brightness temperature(Tb):
Lb=(Lmin+(Lmax
Where K1 and K2 are constants, K1 607.76 mw cm-2 sr-1 m-1, K2 1260.56 mw cm-2 sr-1 m-1.
Fig 3 is distribution of brightness temperature of study area. The value of rightness temperature in study area is between 276.92K and 320.29K. As can be seen from Fig 3, low temperature distribution regions are in west, north and northeast of study area. That is to say, they are distributed on the areas with high NDVI value. The high temperature regions are located in urban areas and the southeastern plains, there are lower vegetation cover areas with concentration of population and buildings, and NDVI value is low. Fig. 3 . Distribution of brightness temperature of study area Fig 2 and Fig 3 show that the lower brightness temperature was mainly in the west, northern and northeastern mountain areas of Beijing. In these areas the vegetation cover is well, with little human disturbance, while the higher NDVI value are also distributing in these areas. Higher value of brightness temperature and lower NDVI values are also located on the same region, which show that there must be a necessary link between them.
Construction Features section
In this paper, Tian'anmen Square (39°54'27"N, 116°23'17" E) was taken as the coordinate origin, then construct feature profiles. As the terrain of Beijing is high in northwest, and low in southeast, so author select feature profiles on direction of NE-SW and NW-SE, and take the profile that contain Tian'anmen Square as reference profile, then select lots of profiles with uniform intervals of 2km. On direction of NE-SW, take direction of NE as the positive direction of profiles distribution, and totally selected 66 profiles on this direction. On direction of NW-SE, take direction of SE as the positive direction of profiles distribution, and totally selected 45 profiles on this direction. Profiles selected results are shown in Figure 4 . Average brightness temperature changes with distance opposite to that of average NDVI value. The average brightness temperature shows a significant negative correlation with distance, the farther the distance to central profile is, the lower the average brightness temperature is. We can see from Fig 3 and Fig 4, the high temperature zone is mainly in central profile and the profiles around it, the land use type of these areas is mainly building, so there is a higher average of brightness temperature. On the contrary, the edge profiles do not include urban areas, so the average brightness temperature is lower.
Making regression analysis between average brightness temperature and average NDVI of each profile with support of SPSS, the result showed that average brightness temperature have a significant negative correlation with average NDVI. Concrete results are shown below ( Table 1 and Table 2 ). 
Change of corresponding relationship between brightness temperature and NDVI
This paper get the corresponding relationship model between the brightness temperature and NDVI of each feature profile by taking regression analysis. Among 111 selected profiles, there are 107 profiles' regression equation that significant level is over 0.01. However, the determination coefficient and slope of each regression equation is different, and this indicates that the correlation between brightness temperature and NDVI is different in space. With the support of SPSS, the researchers made regression analysis between determination coefficient and slope of each regression equation with the distance from central profile, and study the spatial difference of correlation between brightness temperature and NDVI by regression analysis. The result was shown in Fig 6. 
Change of determination coefficient of regression equations
As can be seen from Fig 6, there is a significant negative correlation between determination coefficient of regression equations and profiles distance, the farther the distance to central profile is, the smaller the determination coefficient of regression equation is, the less significant the correlation between brightness temperature and NDVI is.
The significant degree of correlation between brightness temperature and NDVI is decreasing form central profile to edge profiles.
Meanwhile, the smallest determination coefficient of regression equation was found in the northern profiles of study area. Among profiles both in direction of NE-SW and NW-SE, it showed that the least significant of correlation between brightness temperature and NDVI are in northern part of study area. As can be seen from Figure  1 , the northern part of study area was mainly woodland, other land use types nearly cann't be seen, and the distribution of NDVI on these areas have no significant difference. As shown in Figure 7a , no matter how brightness temperature change, NDVI value has distributed near 0.5, and change not obviously, the correlation between them is not significant, the determination coefficient of the regression equation is 0.0019, and does not significant on level of 0.5. The land use types of the central profile and profiles around it included woodland, cultivated land, grassland, water, building and other land use types, and the distribution of brightness temperature and NDVI showed significantly difference. As shown in Figure 7b , building distributed in high brightness temperature and low NDVI value region, while the forest in low brightness temperature and high NDVI value region, brightness temperature and NDVI have a significant relationship. In summary, the significant level of relationship between brightness temperature and NDVI on profiles have correlation with the degree of land use structure complexity of underlying surface, the more complex the structure of underlying surface is, the more significant the correlation between brightness temperature and NDVI is. Table 1 and Table 2 show that the slope of regression equations are basically negative, the bigger the slope is, the weaker the function of vegetation's regulating temperature is. Making regression analysis between the slope of regression equations and profiles distance, there is a significant positive correlation between the slope of regression equations and profiles distance, as shown in Figure 6 . The farther the distance to central profile is, the bigger the slope of regression equations is, the weaker the vegetation's function of regulating temperature. The reason is also the difference of complexity degree of underlying surface structure, the central profile and profiles around it not only include urban that with the strongest heat island effect and the worst vegetation cover, but also include suburbs with good vegetation cover and less obvious heat island effect. Research shows that: there is significant difference between good vegetation coverage areas and areas without vegetation in reducing temperature and increasing air humidity [24] . This comparison highlights the vegetation's role in regulating temperature, so the slope of regression equations is lower. On the contrary, on the edge profiles vegetation cover is well and the change of NDVI is not obvious, as shown in Fig 7 (a) , the correlation between the brightness temperature and NDVI was not significant, thus the regulation of vegetation to temperature is not obvious, and the slope of the regression equations is high.
The change of the slope of regression equations
Conclusion
(1) The distribution of vegetation cover in study area is low in center and high in edge. But the distribution of temperature was opposite to the distribution of vegetation cover, that is high in center and low in edge.
(2) There are many factors that affect the urban heat island effect [25] , the authors only studied the vegetation cover. The results show that vegetation cover and temperature have a significant negative correlation, meaning that the lower the vegetation coverage is, the higher the temperature is, and vice versa.
(3) The purpose of this study is to explore the law that variation of relationship between brightness temperature and NDVI within the study area. The results show that the significant degree of correlation between brightness temperature and NDVI is decreasing from central profile to edge profile. (4) The significant level of correlation between brightness temperature and NDVI on profiles have a relationship with the degree of complexity of underlying surface land use structure. The more complex the underlying land use structure is, the more significant the correlation between brightness temperature and NDVI is, the stronger the vegetation's regulation to temperature is.
(5) The brightness temperature and NDVI was greatly influenced by weather conditions [26] . The weather conditions when getting the image, the atmospheric conditions, and remote sensing image itself would cause error to image, these would have impact on accuracy of the model.
